WATER RESOURCES DATA - VIRG NI A, 2000
VOLUME 2. CGROUND- WATER- LEVEL AND GROUND- WATER- QUALI TY RECORDS

| NTRODUCTI ON

The Water Resources Division of the U S GCeological Survey, in cooperation with State agencies, obtains a
| arge amount of data pertaining to the water resources of Virginia each water year. These data, accunul ated during
many water years, constitute a val uabl e data base for devel opi ng an i nproved understandi ng of the water resources
of the State. To make these data readily available to interested parties outside the Geol ogical Survey, the data
are published annually in this report series entitled "Water Resources Data - Virginia."

This series of annual reports for Virginia began with the 1961 water year with a report that contained only
data relating to the quantities of surface water. For the 1964 water year, a simlar report was introduced that
contained only data relating to water quality. Beginning with the 1975 water year, the report format was changed
to present, in one volune, data on quantities of surface water, quality of surface and ground water, and ground-
water |evels. Beginning with the 1990 water year, the quantity of data to be published nade it necessary to
present the data in two volunes; Volune 1 enconpassed surface-water-di scharge and surface-water-quality records
and Vol ume 2 enconpassed ground-water-|evel and ground-water-quality records.

This report is Volume 2 in our 2000 series and includes records of water levels and water quality of ground-
water wells. It contains records for water |levels at 269 observation wells and water quality at 120 wells.
Locations of these wells are shown on figures 4, 5, 6, and 7. The data in this report represent that part of the
Nati onal Water Data Systemcollected by the U S. Geol ogi cal Survey and cooperating State and Federal agencies in
Vi rginia.

Prior to introduction of this series and for several water years concurrent with it, water-resources data for
Virginia were published in U S. Ceol ogi cal Survey Water-Supply Papers. Data on water levels for the 1935 t hrough
1974 water years were published under the title "G ound-Water Levels in the United States." These Water-Supply
Papers may be consulted in the libraries of the principal cities of the United States and may be purchased from
U.S. Geol ogical Survey, Branch of Information Services, Federal Center, Bldg. 41, Box 25286, Denver, CO 80225.

Publications simlar to this report are published annually by the Geol ogical Survey for all States. These
official Survey reports have an identification nunber consisting of the two-letter State abbreviation, the |ast
two digits of the water year, and the vol ume nunber. For exanple, this volume is identified as "U. S. Ceol ogi cal
Survey Water-Data Report VA-00-2." For archiving and general distribution, the reports for 1971-74 water years
also are identified as water-data reports. These water-data reports are for sale in paper copy or in mcrofiche
by the National Technical Information Service, U S. Departnent of Comnmerce, Springfield, Virginia 22161.

Addi tional information, including current prices, for ordering specific reports may be obtained fromthe
District Office at the address given on the back of the title page or by tel ephone (804) 261-2600.

Wat er resources data, including those provided in water data reports, are available through the Wrld Wde
Web on the Internet. The Universal Resource Location (URL) to the Virginia District's home page is:

http://va.water.usgs.gov

COOPERATI ON

The U.S. Geological Survey and agencies of the State of Virginia have had joint-funding agreements for the
collection of water-resource records since 1930. Organizations thatassisted in collecting the datain this report
through joint-funding agreements with the Survey are:

VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY, Dennis H. Treacy, Executive Director.
CITY OF NEWPORT NEWS, Brian Ramaley, Director, Department of Public Utilities.

HAMPTON ROADS PLANNING DISTRICT COMMISSION, Arthur L. Collins, Executive Director.

Organizations that provided data are acknowledged in station descriptions.
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RECORDS COLLECTED BY THE STATE OF VIRGA NI A

In addition to data collected by the U 'S. Geol ogical Survey, there are included herein records for 181
observation wells operated by the Virginia Departnment of Environnental Quality. These records are published as
provided and are acknow edged in the "REMARKS" paragraph of each individual well. The Virginia Departnment of
Environnental Quality is under the direction of Dennis H Treacy, executive director. Publ i shed naterial for
the ground-water wells is supplied through the Division of Water Program Coordination, Larry G Lawson, P.E. ,
director.

SUMVARY OF HYDROLOG C CONDI TI ONS

Hydr ol ogi ¢ conditions during the 2000 water year are sunmarized on the basis of water levels in a network of
13 i ndex observation wells | ocated across Virginia. These wel|ls have been sel ected to represent general hydrol ogic
conditions across the State. Water I evels in other observation wells docunented in this report, however, can differ
fromthose in nearby index wells because of |ocal differences in hydrologic conditions. Water levels in 11 index
wel |s are used to evaluate the response of ground-water levels in the water-table aquifer to natural processes
and human activities. Water levels in two index wells are used to summarize changes in ground-water levels in
confined aquifers in the Coastal Plain of Virginia that result primarily from punpage fromthese aquifers. The
| ocations of the index wells and other observation wells docunented in this report are shown in figures 4, 5, 6,
and 7.

Wat er - Tabl e Aqui fer

The water-table aquifer is the shallowest aquifer in Virginia and is present throughout the State. It is
formed in different geologic nmaterials at different |locations. Water levels in this aquifer typically reflect the
effects of natural processes and human activities. The principal natural processes include recharge by
precipitation across the |l and surface and discharge in | ow areas to seeps, springs, wetlands, |akes, and streans.
Where ground-water |evels are near the plant root zone, discharge is also by evapotranspiration. The principal
human activities include w thdrawal s by punpage and changes to | and surface that affect rates of recharge and
di scharge. The index wells used for describing hydrologic conditions in the water-table aquifer generally are
thought to be located in areas not affected by punpage.

Ground-water levels rise when rates of recharge by precipitation exceed rates of discharge. Recharge is
affected by rates of precipitation and conditions near land surface that affect the infiltration of water into
the soil and subsequent percolation of water to the water table. Gound-water |evels decline when rates of
di scharge fromthe water-table aquifer exceed rates of recharge. G ound water discharges to seeps, springs,
wet | ands, | akes, and streans throughout the year; rates of discharge change seasonally, however, depending on
hydrol ogic conditions. In Virginia, discharge by evapotranspiration is lowfromlate fall to early spring and
i ncreases through the spring to seasonal highs in the summer. \WWen evapotranspiration is high, soil npoisture can
becone depleted. The resulting dry soil typically retains much of the precipitation that falls during these
periods, thereby limting recharge to the water-table aquifer. Consequently, water levels in the water-table
aquifer in Virginiatypically are highest in late winter or early spring and | owest between | ate sunmer and early
wi nter.

During the 2000 water year, water |levels generally followed typical seasonal patterns (fig. 1). Deviations
fromaverage nmonthly water levels varied by region. Water levels in the eastern part of the State (index wells
51Gl in the City of Colonial Heights, 58B13 in the City of Suffolk, and 55P9 in Westnorel and County) were higher
than average at the beginning of the water year and ranged fromnear or to as nmuch as 5 ft higher than average
t hroughout the year. In Buchanan County (well 14E40) in southwestern Virginia, water |levels generally were | ower
than average at the beginning of the water year and generally within a foot of average during the last half of
the year.

By contrast, water levels in the central Piednont Physiographic Province of Virginia (index wells 41H3 in
Bucki ngham County and 45Nl in Loui sa County) remained at the extrenely lowlevels observed at the end of the 1999
wat er year (fig. 1). Water levels in these wells were about 6 to 10 feet |ower than average nonthly |evels
t hroughout the 2000 water year. Although no new extreme water |evels were neasured in well 45N1, each nmonthly
water level in well 41H3 was the [owest |evel recorded for that nonth since levels were first neasured in 1971.

Water levels in northwestern Virginia (index wells 46W75 in O arke County, 50Wic i n Loudoun County, and 41QL
i n Rocki ngham County) ranged fromabout 3.5 ft lower to about 2.5 feet higher than the average nonthly |evels at
the beginning of the water year (fig. 1). Water levels in these wells were consistently 1 to 4 ft bel ow average
during the last part of the water year. No new extrene water |evels were neasured in these wells during the water
year.

In sunmmary, by the end of the water year, water |evels were near or higher than the average nonthly |evels
in the eastern and southwestern parts of the State and |ower than average fromthe central Piednont through the
northwestern part. Between these areas (index wells 52V2 in Fairfax County and 27F2 in Montgonery County), water
levels remained within 2 ft of average throughout the water year and were within 1 ft of average for nmuch of the
year.
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EXPLANATION

UNSHADED AREA: Range between
highest and lowest recorded monthly
water levels, prior to the indicated year.
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indicated year.

Figure 1. Monthly ground-water levels at index observation wells in water-table aquifers.
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Confined Coastal Plain Aquifers

The Coastal Plain of Virginiais inthe eastern part of the State (fig. 4) and is underlain by an interl ayered
system of sandy aquifers separated by silty and clayey confining units. These aquifers are laterally continuous
t hroughout the Coastal Plain of Virginia and extend into adjacent states. The confined aquifers are anong the
hi ghest water-yielding aquifers in Virginia. Consequently, |large anounts of water are w thdrawn by industrial,
nmuni ci pal, agricultural, and donestic users. The Coastal Plain aquifer systemincreases in thickness toward the
east such that the greatest depth of aquifers fromwhich water can be withdrawn typically increases to the east.

Because of the lateral continuity of these aquifers, declines in water levels that result from punpage can
extend over |arge areas. The magni tude of the decline in a particular well depends on the hydraulic properties of
the aquifers and confining units, the amount of water punped, and the proximty of the well to the punpage.
Consequently, water levels in wells reflect the conbined effects of regional declines frompunpage throughout the
aqui fer systemand | ocal declines fromnearby punpage. In the early 1900s, prior to significant punpage fromthe
confined aquifers, water |evels throughout the Coastal Plain were above sea |level and |ikely near |and surface.
In the eastern part of the Coastal Plain, water flowed frommny wells at |and surface, indicating that water
| evel s were above |and surface.

Water | evels have declined since punpage fromthe confined aquifers began. This decline has been well
docunent ed i n nunmerous reports. Water levels in the two index wells (wells 55B16 in Isle of Wght County and 56H27
in Janes City County) reflect the nore recent declines.

Wel | 55B16 is open to the middle Potomac aquifer. The small, short-termchanges in water levels in this well
likely result fromchanges in |ocal punpage (fig. 2). Because water levels in this area were |ikely near |and
surface prior to punpage, water |evels probably declined about 100 ft at this |ocation before 1960. Water |evels
inthis well have declined an additional 100 ft since 1960, nostly during the 1960s. Recent water |evels generally
have been nore stable than early water | evels. Water levels in the 2000 water year generally were somewhat hi gher
than those of the |ast several years.

Wel | 56H27 is open to the Brightseat-upper Potomac aquifer. Because of the frequency water | evel s are neasured,
the effects of local punpage on water levels in this well cannot be readily evaluated. Because |and surface at
this well is about 100 ft above sea level, water levels at this location probably declined 50 to 100 ft before
1985 (fig. 2). Water levels in this well have declined an additional 20 ft since 1985. Unlike well 55B16, water
levels in well 56H27 continued to decline during the 2000 water year. The |owest water |evel for the period of
record was neasured in July 2000.

EXPLANATI ON OF THE RECCRDS

The ground-water records published in this report are for the 2000 water year that began October 1, 1999, and
ended Septenber 30, 2000. A cal endar of the water year is provided on the inside of the front cover. The records
contai n ground-water-|level and ground-water-quality data. The locations of the wells where the water-Ilevel data
were col l ected are shown in figures 4, 5, 6, and 7. The follow ng sections of the introductory text are presented
to provide users with a nore detail ed explanation of how the hydrol ogic data published in this report were
col l ected, analyzed, conputed, and arranged for presentation.

Station ldentification Nunbers

Each well inthis report is assigned a unique identification nunber. This nunber is uniqueinthat it applies
specifically to a given well and to no other. The nunber usually is assigned when a well is first established in
U. S. Geol ogical Survey records and is retained for that well indefinitely. The systemused by the U. S. GCeol ogi cal

Survey to assign identification nunbers for ground-water well sites is based on geographic |ocation. The
"l atitude-|ongitude" systemis used for wells.
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Figure 2. Ground-water levels in selected observation wells in confined Coastal Plain aquifers.
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Latitude-Longi tude System

The identification nunbers for wells are assigned according to the grid systemof latitude and |ongitude.
The nunber consists of 15 digits. The first six digits denote the degrees, minutes, and seconds of |atitude, the
next seven digits denote degrees, minutes, and seconds of |ongitude, and the last two digits (assigned
sequentially) identify the wells or other sites within a 1-second grid. This site-identification nunber, once
assigned, is a pure nunber and has no | ocational significance. Inthe rareinstance where the initial determ nation
of latitude and |ongitude are found to be in error, the station will retain its initial identification nunber;
however, its true latitude and longitude will be listed in the LOCATI ON paragraph of the station description.
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Figure 3. System for numbering wells.
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A second wel | -nunbering systemused in Virginia utilizes 7 1/2-mi nute quadrangles within the State. The
quadrangl es are nunbered fromwest to east, and lettered fromsouth to north, omtting the letters "I" and "O "
The designation for each quadrangle is determ ned by the nmethod "Read Right, Up." Wells are nunbered serially
wi thin each quadrangle. This local well nunber is shown imediately after the primary well nunber.

Vel | records furnished by the State of Virginia also include the well nunmber that is based on an indexing
system used by the Virginia Departnent of Environnental Quality.
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Records of Ground-Water Levels

Only water-|evel data froma national network of observation wells are given in this report. These data are
intended to provide a sampling and historical record of water-level changes in the Nation's most important
aquifers. Locations of the observation wells in this network in Virginia are shown in figures 4, 5, 6, and 7.

Data Col |l ecti on and Conputation

Measurements of water levels are made in many types of wells under varying conditions, but the methods of
measurement are standardized to the extent possible. The equipment and measuring techniques used at each
observation well ensure that measurements at each well are of consistent accuracy and reliability.

Tablesofwater-level dataare presented by counties arrangedin alphabetical order. The primeidentification
number for a given well is the 15-digit number that appears in the upper left corner of the table. The secondary
identification number is the local well number, an alphanumeric number, derived from the township-range location
of the well.

Water-leveldataare obtained from directmeasurements with a steeltape ormanometer, or from graphic, punched
tape, or electronic water-stage recorder. The water-level measurements in this report are given in feet with
reference to land-surface datum (Isd). Land-surface datum is a datum plane that is approximately at land surface
at each well. If known, the elevation of the land-surface datum is given in the well description. The height of
the measuring point (MP) above or below land-surface datum is given in each well description. Water levels in
wells equipped with recording gages are reported for every fifth day and the end of each month (eom).

Water levels are reported to as many significant figures as can be justified by the local conditions. For
example, in a measurement of a depth to water of several hundred feet, the error of determining the absolute value
of the total depth to water may be a few tenths of a foot, whereas the error in determining the net change of
water level between successive measurements may be only a hundredth or a few hundredths of a foot. For lesser
depths to water, the accuracy is greater. Accordingly, most measurements are reported to a hundredth of a foot,
but some are given to a tenth of a foot or a larger unit.

Data Presentation

Each well record consists of three parts, the station description, the data table of water levels observed
during the currentwater year, and a graph of the water levels for the currentwater year or other selected period.
The description of the well is presented first through use of descriptive headings preceding the tabular data.
The comments to follow clarify information presented under the various headings.

LOCATION--This paragraph follows the well-identification number and reports the latitude and longitude (givenin
degrees, minutes, and seconds); a landline location designation; the hydrologic-unit number; the distance and
direction from a geographic point of reference; and the owner's name.

AQUIFER--This entry designates by name (if a name exists) and geologic age the aquifer(s) open to the well.

WELL CHARACTERISTICS--This entry describes the well in terms of depth, diameter, casing depth and/or screened
interval, method of construction, use, and additional information such as casing breaks, collapsed screen, and
other changes since construction.

INSTRUMENTATION-This paragraph provides information on both the frequency of measurement and the collection
method used, allowing the user to better evaluate the reported water-level extremes by knowing whether they are
based on weekly, monthly, or some other frequency of measurement.

DATUM-This entry describes both the measuring point and the land-surface elevation at the well. The measuring
point is described physically (such as top of collar, notch in top of casing, plug in pump base and so on), and

in relation to land surface (such as 1.3 ft above land-surface datum). The elevation of the land-surface datum

is described in feet above (or below) sea level; it is reported with a precision depending on the method of
determination.

REMARKS-This entry describes factors that may influence the water level in a well or the measurement of the



water level. It shouldidentify wells that also are water-quality observation wells, and may be used t o acknow edge
the assistance of |ocal (non-Survey) observers.

PERI OD OF RECORD. --Thi s entry indicates the period for which there are published records for the well. It reports
the nonth and year of the start of publication of water-level records by the U. S. Ceol ogi cal Survey and the words
"to current year" if the records are to be continued into the follow ng year. Periods for which water-|evel
records are avail able, but are not published by the Geol ogi cal Survey, may be noted.
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EXTREMES FOR PERI OD OF RECORD. - - This entry contains the hi ghest and | owest water |evels of the period of published
record, with respect to | and-surface datum and the dates of their occurrence.

EXTREMES FOR CURRENT YEAR. --This entry contains the highest and | owest instantaneous water |evels, along with the
dates of occurrence, at sites with water-stage recorders. The values are for the current water year, and are with
respect to |and-surface datum

A table of water levels follows the station description for each well. Water levels are reported in feet
bel ow | and- surface datumand all taped neasurenents of water level are listed. For wells equipped with recorders,
only abbreviated tabl es are published; generally, only water-level lows are listed for every fifth day and at the
end of the nonth (eon). The highest and | owest water |evels of the water year and their dates of occurrence are

shown on a line bel owthe abbreviated table. Because all values are not published for wells with recorders, the
extremes nay be values that are not listed in the table. Mssing records are indicated by dashes in place of the
water |evel. A hydrograph for a selected period of record follows each water-|evel table.

Records of Ground-Water Quality

Records of ground-water quality in this report differ fromother types of records in that, for nost sanpling
sites, they consist of only one set of nmeasurenents for the water year. The quality of ground water ordinarily
changes only slowy; therefore, for npst general purposes, one annual sanpling, or only a few sanples taken at
infrequent intervals during the year, is sufficient. Frequent neasurenent of the sanme constituents is not
necessary unless one is concerned with a particular problem such as nonitoring for trends in nitrate
concentration. In the special cases where the quality of ground water may change nore rapidly, nore frequent
neasurenments are nade to identify the nature of the changes.

Data Col |l ecti on and Conputation

The records of ground-water quality in this report were obtained nostly as a part of special studies in
specific areas. Consequently, a nunber of chemnical anal yses are presented for sone counti es but none are presented
for others. As aresult, the records for this year, by thensel ves, do not provi de a bal anced vi ew of ground-wat er
quality Statew de. Such a view can be attained only by considering records for this year in context with simlar
records obtained for these and other counties in earlier years.

Mbst nethods for collecting and anal yzi ng water sanples are described in the "U S. Geol ogical Survey
Techni ques of Water-Resources |nvestigations" publications referred to in the "On-site Measurenents and Sanpl e
Col l ection" and the "Laboratory Measurenents" sections in this data report. |In addition, the TWRI book 1, Chapter
D2, describes guidelines for the collection and field analysis of ground-water sanples for selected unstable
constituents. The values reported in this report represent water-quality conditions at the tinme of sanpling as
much as possi bl e, consistent with avail able sanpling techniques and nethods of analysis. These nethods are
consi stent with ASTMst andards and generally foll owl SOstandards. Al sanpl es were obtained by trained personnel .
The wel | s sanpl ed were punped | ong enough to assure that the water collected cane directly fromthe aquifer and
had not stood for a long tine in the well casing where it would have been exposed to the atnpsphere and to the
material, possibly netal, conprising the casings.

Data Presentation

The records of ground-water quality are published in a section titled QUALITY OF GROUND WATER i medi atel y
follow ng the ground-water-1level records. Data for quality of ground water are listed al phabetically by County
and are identified by well nunber. The prinme identification nunber for wells sanpled is the 15-digit nunber
derived fromthe |atitude-|ongitude |ocations. No descriptive statements are given for ground-water-quality
records; however, the well nunber, depth of well, date of sanpling, and other pertinent data are given in the
tabl e containing the chenical analyses of the ground water.
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Remar k Codes

The following remark codes may appear with the ground-water-quality data in this report:

PRI NTED OUTPUT REMARK

E Esti mated val ue

> Actual value is known to be greater than the val ue shown

< Actual value is known to be less than the value shown

K Resul ts based on col ony count outside the acceptance range
(non-ideal colony count)

L Bi ol ogi cal organi smcount |ess than 0.5 percent (organi smmay
be observed rather than counted)

D Bi ol ogi cal organi smcount equal to or greater than 15 percent
(domi nant)

\% Anal yte was detected in both the environnental sanple and the

associ ated bl anks.
Bi ol ogi cal organi smestinated as dom nant

M Constituent was detected but not quantified.
Water Quality-Control Data

Data generated fromquality-control (QC) sanples are a requisite for evaluating the quality of the sanpling
and processing techni ques as well as data fromthe actual sanples thensel ves. Wthout QC data, environnental sanple
data cannot be adequately interpreted because the errors associated with the sanple data are unknown. The vari ous
types of QC sanples collected by this district are described in the follow ng section. Procedures have been
established for the storage of water-quality-control data within the USGS. These procedures allow for storage of
all derived QC data and are identified so that they can be
related to correspondi ng environnental sanples.

Bl ank Sanpl es

Bl ank sanples are collected and anal yzed to ensure that environnental sanples have not been contam nated by
the overall data-collection process. The blank solution used to devel op specific types of blank
sanples is a solution that is free of the analytes of interest. Any neasured val ue signal in a blank sanple for
an anal yte (a specific conponent neasured in a chemical analysis) that was absent in the blank
solution is believed to be due to contam nation. There are many types of blank sanpl es possi bl e, each designed to
segregate a different part of the overall data-collection process. The types of blank sanples collect
inthis district are:

Field blank - a blank solution that is subjected to all aspects of sanple collection, field processing
preservation, transportation, and | aboratory handling as an environnental sanple.

Trip blank - a blank solution that is put in the same type of bottle used for an environnmental sanple and
kept with the set of sanple bottles before and after sanple collection.

Equi pnent bl ank - a bl ank sol ution that is processed through all equi pment used for coll ecting and processing
an environmental sanple (simlar to a field blank but nornally done in the nore controlled
conditions of the office).

Sanpl er blank - a blank solution that is poured or punped through the sane field sanpler used for collecting
an environnmental sanple.

Filter blank - a blank solution that is filtered in the same manner and through the same filter apparatus
used for an environnental sanple.

Splitter blank - a blank solution that is mixed and separated using a field splitter in the sane manner and
through the same apparatus used for an environnental sanple.
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Preservation blank - a blank solution that is treated with the sanpl er preservatives used for an envi ronnent al
sanpl e.
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Ref er ence Sanpl es

Ref erence material is a solution or material prepared by a | aboratory whose conposition is certified for one
or nore properties so that it can be used to assess a nmeasurenent nethod. Sanples of reference material
are submitted for anal ysis to ensure that an anal ytical method i s accurate for the known properties of the reference
material. Generally, the selected reference naterial properties are simlar to the environnental sanple
properties.

Replicate Sanpl es

Replicate sanples are a set of environmental sanples collected in a manner such that the sanples are thought
to be essentially identical in conposition. Replicate is the general case for which a
duplicate is the special case consisting of two sanples. Replicate sanples are collected and anal yzed to establish
the ampunt of variability in the data contributed by sone part of the collection and anal ytical process. There
are many types of replicate sanples possible, each of which may yield slightly different results in a dynamc
hydrol ogi c setting, such as a flowi ng stream The types of replicate sanples collected in this district are:

Sequential sanples - a type of replicate sanple in which the sanples are collected one after the other,
typically over a short tine.

Split sanple - a type of replicate sanple in which a sanple is split into subsanpl es contenporaneous in tine
and space.

Spi ke Sanpl es

Spi ke sanples are sanples to which known quantities of a solution with one or nobre well-established anal yte
concentrati ons have been added. These sanples are analyzed to determine the extent of matrix
interference or degradation on the anal yte concentration during sanple processing and anal ysis.

ACCESS TO USGS WATER DATA

The USGS provides near real-tine stage and discharge data for many ofthe gaging stations equipped with the
necessary telenetry and historic daily-mean and peak-flow di scharge data for npbst current or discontinued
gagi ng stations through the world wide web (WAWY. These data may be accessed at:

http://va. wat er. usgs. gov

Sonme wat er-qual i ty and ground-wat er data al so are avail abl e through the WMV In addition, data can be provi ded
in various nmachi ne-readabl e formats on nagnetic tape or 3-1/2 inch floppy disk. Information about the
availability of specific types of data or products, and user charges, can be obtained locally fromeach of the
Water Resources Division District Ofices (See address on the back of the title page.)

DEFI NI TI ON OF TERMS

Terns related to streanflow, water-quality, and other hydrologic data, as used in this report, are defined
bel ow. See also table for converting English units to International System (SI) Units on the inside of the back
cover.

Acid neutralizing capacity (ANC) is the equivalent sumof all bases or base-producing materials, solutes
plus particulates, in an aqueous systemthat can be titrated with acid to an equival ence point. This term desig-
nates titration of an “unfiltered” sample (formerly reported as alkalinity).

Acre-foot (AC-FT, acre-ft) is the quantity of water required to cover 1 acre to a depth of 1 foot and is
equivalent to 43,560 cubic feet, 325,851 gallons, or 1,233 cubic meters.

Alkalinity is the capacity of solutes in an aqueous system to neutralize acid. This term designates titra-
tion of a “filtered” sample.

Annual runoff is the total quantity of water in runoff for a drainage area for the year. Data reports may use
any of the following units of measurement in presenting annual runoff data:
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Acre-foot (AC-FT, acre-ft) is the quantity of water required to cover 1 acre to a depth of 1 foot and is
equal to 43,560 cubic feet, 325,851 gallons, or 1,233 cubic neters.

Cubi c foot per second per square nmle [CFSM (ft3/s)/m 2] is the average nunber of cubic feet of water
flowi ng per second fromeach square mile of area drained, assuming the runoff is distributed uniformly in
time and area.
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Inch (IN., in.) as used in this report, refers to the depth to which the drainage area woul d be covered
with water if all of the runoff for a given time period were uniformy distributed on it.

Bacteria are mcroscopic unicellular organisns, typically spherical, rodlike, or spiral and threadlike in
shape, often clunped into colonies. Sone bacteria cause di sease, while others performan essential role in nature
in the recycling of materials; for exanple, by deconposing organic matter into a formavailable for reuse by
pl ants.

Total coliformbacteria are a particular group of bacteria that are used as indicators of possible sew
age pollution. This group includes coliforns that inhabit the intestine of warm bl ooded ani mals and those
that inhabit soils. They are characterized as aerobic or facultative anaerobic, gramnegative, nonspore-
form ng, rod-shaped bacteria that fernent |actose with gas formation w thin 48 hours at 35 xC. In the labo-
ratory, these bacteria are defined as all the organisms that produce colonies with a golden-green metallic
sheen within 24 hours when incubated at 35 xC plus or minus 1.0 xC on M-Endo medium (nutrient medium for bac-
terial growth). Their concentrations are expressed as number of colonies per 100 mL of sample.

Fecal coliform bacteria are bacteria that are present in the intestine or feces of warm-blooded animals.
They are often used as indicators of the sanitary quality of the water. In the laboratory, they are defined
as all organisms that produce blue colonies within 24 hours when incubated at 44.5 xC plus or minus 0.2 xC
on M-FC medium (nutrient medium for bacterial growth). Their concentrations are expressed as number of col-
onies per 100 mL of sample.

Fecal streptococcal bacteria are bacteria found in the intestine of warm-blooded animals. Their presence
in water is considered to verify fecal pollution. They are characterized as gram-positive, cocci bacteria
that are capable of growth in brain-heart infusion broth. In the laboratory, they are defined as all the
organisms that produce red or pink colonies within 48 hours at 35 xC plus or minus 1.0 xC on KF-streptococcus
medium (nutrient medium for bacterial growth). Their concentrations are expressed as number of colonies per
100 mL of sample.

Enterococcus bacteria are commonly found in the feces of humans and other warm-blooded animals. Although
some strains are ubiquitous and not related to fecal pollution, the presence of enterococci in water is an
indication of fecal pollution and the possible presence of enteric pathogens. Enterococcus bacteria are
those bacteria that produce pink to red colonies with black or reddish-brown precipitate after incubation at
41 xC on mE agar and subsequent transfer to EIA medium. Enterococci include Streptococcus feacalis, Strepto-
coccus feacium, Streptococcus avium, and their variants.

Escherichia coli (E. coli) are bacteria present in the intestine and feces of warm-blooded animals. E.
coli are a member species of the fecal coliform group of indicator bacteria. In the laboratory, they are
defined as those bacteria that produce yellow or yellow-brown colonies on a filter pad saturated with urea
substrate broth after primary culturing for 22 to 24 hours at 44.5 °C on mTEC medium. Their concentrations
are expressed as number of colonies per 100 mL of sample.

Base flow is flow in a channel sustained by ground-water discharge in the absence of direct runoff.

Color unitis produced by 1 milligram per liter of platinum in the form of the chloroplatinate ion. Color is
expressed in units of the platinum-cobalt scale.

Confined aquifer is a term used to describe an aquifer containing water between two relatively impermeable
boundaries. The water level in a well tapping a confined aquifer stands above the top of the confined aquifer and
can be higher or lower than the water table that may be present in the material above it. In some cases the water
level can rise above the ground surface, yielding a flowing well.

Contents is the volume of water in a reservoir or lake. Unless otherwise indicated, volume is computed on the
basis of a level pool and does not include bank storage.

Continuous-record station is a site that meets either of the following conditions:

1. Stage or streamflow are recorded at some interval on a continuous basis. The recording interval is usually
15 minutes, but may be less or more frequent.

2. Water-quality, sediment, or other hydrologic measure-ments are recorded at least daily.

Control designates a feature in the channel downstream from a gaging station that physically influences the
water-surface elevation and thereby determines the stage-discharge relation at the station. This feature may be
a constriction of the channel, a bedrock outcrop, a gravel bar, an artificial structure, or a uniform cross sec-
tion over a long reach of the channel.

Control structure as used in this report is a structure on a stream or canal that is used to regulate the
flow or stage of the stream or to prevent the intrusion of saltwater.

Cubic foot per second (CFS, ft3/s) is the rate of discharge representing a volume of 1 cubic foot passing a
given pointin 1 second. It is equivalent to approximately 7.48 gallons per second, 448.8 gallons per minute, or
0.02832 cubic meters per second.

Cubic foot per second-day (CFS-DAY, Cfs-day, [(ft3/s)/d]) is the volume of water represented by a flow of
1 cubic foot per second for 24 hours. It is equivalent to 86,400 cubic feet, 1.9835 acre-feet, 646,317 gallons,
or 2,447 cubic meters.

Daily record is a summary of streamflow, sediment, or water-quality values computed from data collected with
sufficient frequency to obtain reliable estimates of daily mean values.

Daily record station is a site for which daily records of streamflow, sediment, or water-quality values are
computed.



12
Datum as used in this report, is an elevation above nean sea |level to which all gage height readings are
ref erenced.

Di scharge, or flow, is the volune of water (or nore broadly, volune of fluid including solid- and dissol ved-

phase material), that passes a given point in a given period of tine.
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Annual 7-day minimumis the | owest nmean discharge for 7 consecutive days in a year. Note that nost |ow
flow frequency anal yses of annual 7-day mninmumflows use a climatic year (April 1-March 31). The date shown
in the summary statistics table is the initial date of the 7-day period. (This value should not be confused

with the 7-day 10-year |owflow statistic.)
I nst ant aneous di scharge is the discharge at a particular instant of tine.

Mean di scharge (MEAN) is the arithnmetic nmean of individual daily mean discharges during a specific
peri od.

Di ssolved refers to that material in a representative water sanple that passes through a 0.45-mcroneter
nenbrane filter. This is a convenient operational definition used by Federal agencies that collect water data.
Determinations of “dissolved” constituents are made on subsamples of the filtrate.

Dissolved oxygen (DO) content of water in equilibrium with air is a function of atmospheric pressure, tem-
perature, and dissolved-solids concentration of the water. The ability of water to retain oxygen decreases with
increasing temperature or dissolved solids, with small temperature changes having the more significant offset.
Photosynthesis and respiration may cause diurnal variations in dissolved-oxygen concentration in water from some
streams.

Dissolved-solids concentration of water is determined either analytically by the “residue-on-evaporation”
method, or mathematically by totaling the concentrations of individual constituents reported in a comprehensive
chemical analysis. During that analytical determination of dissolved solids, the bicarbonate (generally a major
dissolved component of water) is converted to carbonate. Therefore, in the mathematical calculation of dissolved-
solids concentration, the bicarbonate value, in milligrams per liter, is multiplied by 0.4926 to reflect the
change. Alternatively, alkalinity concentration (as mg/L CaCO3) can be converted to carbonate concentration by
multiplying by 0.60.

Drainage area of a site on a stream is that area, measured in a horizontal plane, that has a common outlet
at the site for its surface runoff. Figures of drainage area given herein include all closed basins, or noncon-
tributing areas, within the area unless otherwise specified.

Drainage basin is a part of the Earth’s surface that is occupied by a drainage system with a common outlet
for its surface runoff (see “Drainage area”).

Flow-duration percentiles are values on a scale of 100 that indicate the percentage of time for which a flow
is not exceeded. For example, the 90th percentile of river flow is greater than or equal to 90 percent of all
recorded flow rates.

Gage datum is the elevation of the zero point of the reference gage from which gage height is determined as
compared to sea level (see “Datum”). This elevation is established by a system of levels from known benchmarks,
by approximation from topographic maps, or by geographical positioning system.

Gage height (G.H.) is the water-surface elevation referenced to the gage datum. Gage height is often used
interchangeably with the more general term “stage,” although gage height is more appropriate when used with a
reading on a gage.

Gaging station is a site on a stream, canal, lake, or reservoir where systematic observations of stage, dis-
charge, or other hydrologic data are obtained. When used in connection with a discharge record, the term is
applied only to those gaging stations where a continuous record of discharge is computed.

Ground-water level is the elevation of the water table or another potentiometric surface at a particular
location.

Hardness of water is a physical-chemical characteristic that is commonly recognized by the increased quan-
tity of soap required to produce lather. It is attributable to the presence of alkaline earths (principally cal-
cium and magnesium) and is expressed as the equivalent concentration of calcium carbonate (CaCO3).

Hydrologic benchmark station is one that provides hydrologic data for a basin in which the hydrologic regi-
men will likely be governed solely by natural conditions. Data collected at a benchmark station may be used to
separate effects of natural from human-induced changes in other basins that have been developed and in which the
physiography, climate, and geology are similar to those in the undeveloped benchmark basin.

Hydrologic unit is a geographic area representing part or all of a surface drainage basin or distinct hydro-
logic feature as defined by the former Office of Water Data Coordination and delineated on the State Hydrologic
Unit Maps by the U.S. Geological Survey. Each hydrologic unit is identified by an 8-digit number.

Land-surface datum (Isd) is a datum plane that is approximately at land surface at each ground-water obser-
vation well.

Measuring point (MP) is an arbitrary permanent reference point from which the distance to water surface in a
well is measured to obtain water level.

Membrane filter is a thin microporous material of specific pore size used to filter bacteria, algae, and
other very small particles from water.

Micrograms per gram (UG/G, mg/g) is a unit expressing the concentration of a chemical constituent as the mass
(micrograms) of the element per unit mass (gram) of material analyzed.

Micrograms per kilogram (UG/KG, mg/kg) is a unit expressing the concentration of a chemical constituent as
the mass (micrograms) of the constituent per unit mass (kilogram) of the material analyzed. One microgram per
kilogram is equivalent to 1 part per billion.
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Mcrograns per liter (UGL, ng/L) is a unit expressing the concentration of chemnical constituents in water
as nmass (mcrograns) of constituent per unit volune (liter) of water. One thousand m crograns per liter is equiv-
alent to 1 mlligramper liter.

M crosi emens per centineter (USSCM nfS/cn) is a unit expressing the anount of electrical conductivity of a
sol ution as neasured between opposite faces of a centinmeter cube of solution at a specified tenperature. Sienens
is the International Systemof Units nomenclature. It is synonynmous with nmhos and is the reciprocal of resistance

in ohns.
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MIligrams per liter (MJL, ng/L) is a unit for expressing the concentration of chenmical constituents in
water as the mass (milligrans) of constituent per unit volune (liter) of water. Concentration of suspended sedi -
ment also is expressed in ng/L and is based on the mass of dry sedinment per liter of water-sedinent mxture.

M scel | aneous site, or miscellaneous station, is a site where streanflow, sedinent, and/or water-quality
data are collected once, or nore often on a random or di scontinuous basis.

Nanograms per liter (NG L, ng/L) is a unit expressing the concentration of chem cal constituents in solution
as nmass (nanograns) of solute per unit volune (liter) of water. One million nanograms per liter is equivalent to
1 mlligramper liter.

Nat i onal Geodetic Vertical Datumof 1929 (NGVD of 1929) is a geodetic datumderived froma general adjustnent
of the first order level nets of the United States and Canada. It was formerly called “Sea Level Datum of 1929”
or “mean sea level” in this series of reports. Although the datum was derived from the average sea level over a
period of many years at 26 tide stations along the Atlantic, Gulf of Mexico, and Pacific Coasts, it does not nec-
essarily represent local mean sea level at any particular place. See NOAA web site: http://www.ngs.noaa.gov/
fag.shtml#WhatvD29VD88

Nephelometric turbidity unit (NTU) is the measurement for reporting turbidity that is based on use of a stan-
dard suspension of Formazin. Turbidity measured in NTU uses nephelometric methods that depend on passing specific
light of a specific wavelength through the sample.

Open or screened interval is the length of unscreened opening or of well screen through which water enters a
well, in feet below land surface.

Organic carbon (OC) is a measure of organic matter present in aqueous solution, suspension, or bottom sedi-
ments. May be reported as dissolved organic carbon (DOC), suspended organic carbon (SOC), or total organic carbon
(TOC).

Organochlorine compounds are any chemicals that contain carbon and chlorine. Organochlorine compounds that
are important in investigations of water, sediment, and biological quality include certain pesticides and indus-
trial compounds.

Parameter Code is a 5-digit number used in the U.S. Geological Survey computerized data system, National
Water Information System (NWIS), to uniquely identify a specific constituent or property.

Partial-record station is a site where discrete measurements of one or more hydrologic parameters are
obtained over a period of time without continuous data being recorded or computed. A common example is a crest-
stage gage partial-record station at which only peak stages and flows are recorded.

Particle size is the diameter, in millimeters (mm), of a particle determined by sieve or sedimentation meth-
ods. The sedimentation method utilizes the principle of Stokes Law to calculate sediment particle sizes. Sedimen-
tation methods (pipet, bottom-withdrawal tube, visual-accumulation tube, Sedigraph) determine fall diameter of
particles in either distilled water (chemically dispersed) or in native water (the river water at the time and
point of sampling).

Particle-size classification used in this report agrees with the recommendation made by the American Geo-
physical Union Subcommittee on Sediment Terminology. The classification is as follows:

Classification Size (mm) Method of analysis
Clay 0.00024 - 0.004 Sedimentation
Silt 0.004 - 0.062 Sedimentation
Sand 0.062 - 20 Sedimentation/sieve
Gravel 2.0 - 64.0 Sieve

The patrticle-size distributions given in this report are not necessarily representative of all particles in
transport in the stream. Most of the organic matter is removed, and the sample is subjected to mechanical and
chemical dispersion before analysis in distilled water. Chemical dispersion is not used for native water analy-
sis.

Percent composition or percent of total is a unit for expressing the ratio of a particular part of a sample
or population to the total sample or population, in terms of types, numbers, weight, or volume.

Periodic station is a site where stage, discharge, sediment, chemical, or other hydrologic measurements are
made one or more times during a year, but at a frequency insufficient to develop a daily record.

Pesticides are chemical compounds used to control undesirable organisms. Major categories of pesticides
include insecticides, miticides, fungicides, herbicides, and rodenticides.

pH of water is the negative logarithm of the hydrogen-ion activity. Solutions with pH less than 7 are termed
“acidic,” and solutions with a pH greater than 7 are termed “basic.” Solutions with a pH of 7 are neutral. The
presence and concentration of many dissolved chemical constituents found in water are, in part, influenced by the
hydrogen-ion activity of water. Biological processes including growth, distribution of organisms, and toxicity
of the water to organisms are also influenced, in part, by the hydrogen-ion activity of water.

Picocurie (PC, pCi) is one trillionth (1 x 10-12) of the amount of radioactivity represented by a curie (Ci).
A curie is the amount of radioactivity that yields 3.7 x 1010 radioactive disintegrations per second. A picocurie
yields 2.22 dpm (disintegrations per minute).
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Radi oi sot opes are isotopic forms of an el ement that exhibit radioactivity. Isotopes are varieties of a chem
ical elenent that differ in atom c weight, but are very nearly alike in chem cal properties. The difference
ari ses because the atons of the isotopic forms of an elenent differ in the nunmber of neutrons in the nucleus; for
exanpl e, ordinary chlorine is a mxture of isotopes having atonm c weights of 35 and 37, and the natural mixture
has an atom c wei ght of about 35.453. Many of the elenents simlarly exist as mxtures of isotopes, and a great
many new i sot opes have been produced in the operation of nuclear devices such as the cyclotron. There are 275
i sotopes of the 81 stable elenments, in addition to nore than 800 radi oactive isotopes.

WATER RESOURCES DATA - VIRG NI A, 2000

Recurrence interval, also referred to as return period, is the average time, usually expressed in years,
bet ween occurrences of hydrol ogic events of a specified type (such as exceedances of a specified high flow or
non-exceedance of a specified low flow). The terms “return period” and “recurrence interval” do not imply regular
cyclic occurrence. The actual times between occurrences vary randomly, with most of the times being less than the
average and a few being substantially greater than the average. For example, the 100-year flood is the flow rate
that is exceeded by the annual maximum peak flow at intervals whose average length is 100 years (that is, once in
100 years, on average); almost two-thirds of all exceedances of the 100-year flood occur less than 100 years
after the previous exceedance, half occur less than 70 years after the previous exceedance, and about one-eighth
occur more than 200 years after the previous exceedance. Similarly, the 7-day 10-year low flow (7Q10) is the flow
rate below which the annual minimum 7-day-mean flow dips at intervals whose average length is 10 years (that is,
once in 10 years, on average); almost two-thirds of the non-exceedances of the 7Q10 occur less than 10 years
after the previous non-exceedance, half occur less than 7 years after, and about one-eighth occur more than 20
years after the previous non-exceedance. The recurrence interval for annual events is the reciprocal of the
annual probability of occurrence. Thus, the 100-year flood has a 1-percent chance of being exceeded by the maxi-
mum peak flow in any year, and there is a 10-percent chance in any year that the annual minimum 7-day-mean flow
will be less than the 7Q10.

Replicate samples are a group of samples collected in a manner such that the samples are thought to be essen-
tially identical in composition.

River mile is the distance of a point on a river measured in miles from the river's mouth along the low-water
channel.

River mileage is the linear distance along the meandering path of a stream channel determined in accordance
with Bulletin No. 14 (October 1968) of the Water Resources Council.

Runoff in inches (IN., in.) is the depth, in inches, to which the drainage area would be covered if all the
runoff for a given time period were uniformly distributed on it.

Sealevel refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived from
a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level
Datum of 1929. See: http://www.co-ops.nos.noaa.gov/ glossary/gloss_n.htmi#NGVD

Sediment is solid material that is transported by, suspended in, or deposited from water. It originates
mostly from disintegrated rocks; it also includes chemical and biochemical precipitates and decomposed organic
material, such as humus. The quantity, characteristics, and cause of the occurrence of sediment in streams are
influenced by environmental factors. Some major factors are degree of slope, length of slope, soil characteris-
tics, land usage, and quantity and intensity of precipitation.

Bed load is the sediment that is transported in a stream by rolling, sliding, or skipping along or very
close to the bed. In this report, bed load is considered to consist of particles in transit from the bed to
an elevation equal to the top of the bed-load sampler nozzle (usually within 0.25 ft of the streambed).

Bed-load discharge (tons per day) is the quantity of sediment moving as bed load, reported as dry
weight, that passes a cross section in a given time.

Suspended sediment is the sediment that is maintained in suspension by the upward components of turbu-
lent currents or that exists in suspension as a colloid.

Suspended-sediment concentration is the velocity-weighted concentration of suspended sediment in the
sampled zone (from the water surface to a point approximately 0.3 ft above the bed) expressed as milligrams
of dry sediment per liter of water-sediment mixture (mg/L). The entire sample is used for the analysis.

Mean concentration of suspended sediment is the time-weighted concentration of suspended sediment
passing a stream section during a 24-hour day.

Suspended-sediment discharge (tons/day) is the quantity of sediment moving in suspension, reported as
dry weight, that passes a cross section in a given time. It is calculated in units of tons per day as fol-
lows: concentration (mg/L) x discharge (ft3/s) x 0.0027.

Suspended-sediment load is a term that refers to material in suspension. The term needs to be qualified,
such as “annual suspended-sediment load” or “sand-size suspended-sediment load,” and so on. It is not synon-
ymous with either suspended-sediment discharge or concentration.

Total sediment discharge (tons/day) is the sum of the suspended-sediment discharge and the bed-load dis-
charge. Itis the total quantity of sediment, reported as dry weight, that passes a cross section in a given
time.

Total sediment load or total load is a term that refers to the total sediment (bed load plus suspended-
sediment load) that is in transport. The term needs to be qualified, such as “annual suspended-sediment
load” or “sand-size suspended-sediment load,” and so on. It is not synonymous with total sediment discharge.

Seven-day 10-year low flow (7Q10, 7Q10) is the minimum flow averaged over 7 consecutive days that is expected
to occur on average, once in any 10-year period. The 7Q10 has a 10-percent chance of occurring in any given year.

Sodium adsorption ratio (SAR) is the expression of relative activity of sodium ions in exchange reactions
within soil and is an index of sodium or alkali hazard to the soil. Waters range in respect to sodium hazard from
those which can be used for irrigation on almost all soils to those which are generally unsatisfactory for irri-
gation.

Solute is any substance that is dissolved in water.



Speci fic conductance is a neasure of the ability of a water to conduct an electrical current.

in mcrosiemens per centinmeter at 25 xC. Specific conductance is related to the type and concentration of ions in
solution and can be used for approximating the dissolved-solids content of the water. Commonly, the concentration

of dissolved solids (in milligrams per liter) is from 55 to 75 percent of the specific conductance (in microsie-

mens). This relation is not constant from stream to stream, and it may vary in the same source with changes in

the composition of the water.
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Stable isotope ratio (per MILL/MIL) is a unit expressing the ratio of the abundance of two radioactive iso-
topes. Isotope ratios are used in hydrologic studies to determine the age or source of specific waters, to eval-
uate mixing of different waters, as an aid in determining reaction rates, and other chemical or hydrologic
processes.

Stage: See “Gage height.”

Stage-discharge relation is the relation between the water-surface elevation, termed stage (gage height),
and the volume of water flowing in a channel per unit time.

Streamflow is the discharge that occurs in a natural channel. Although the term “discharge” can be applied
to the flow of a canal, the word “streamflow” uniquely describes the discharge in a surface stream course. The
term “streamflow” is more general than “runoff” as streamflow may be applied to discharge whether or not it is
affected by diversion or regulation.

Surficial bed material is the top 0.1 to 0.2 ft of the bed material that is sampled using U.S. Series Bed-
Material Samplers.

Suspended (as used in tables of chemical analyses) refers to the amount (concentration) of undissolved mate-
rial in a water-sediment mixture. It is associated with the material retained on a 0.45-micrometer filter.

Suspended, recoverable is the amount of a given constituent that is in solution after the part of a rep-
resentative suspended-sediment sample that is retained on a 0.45-micrometer membrane filter has been
digested by a method (usually using a dilute acid solution) that results in dissolution of only readily sol-
uble substances. Complete dissolution of all the particulate matter is not achieved by the digestion treat-
ment and thus the determination represents something less than the “total” amount (that is, less than
95 percent) of the constituent present in the sample. To achieve comparability of analytical data, equiva-
lent digestion procedures are required of all laboratories performing such analyses because different diges-
tion procedures are likely to produce different analytical results.

Determinations of “suspended, recoverable” constituents are made either by analyzing portions of the
material collected on the filter or, more commonly, by difference, based on determinations of (1) dissolved
and (2) total recoverable concentrations of the constituent.

Suspended, total is the total amount of a given constituent in the part of a representative suspended-
sediment sample that is retained on a 0.45-micrometer membrane filter. This term is used only when the ana-
lytical procedure assures measurement of at least 95 percent of the constituent determined. Knowledge of the
expected form of the constituent in the sample, as well as the analytical methodology used, is required to
determine when the results should be reported as “suspended, total.”

Determinations of “suspended, total” constituents are made either by analyzing portions of the material
collected on the filter or, more commonly, by difference, based on determinations of (1) dissolved and (2)
total concentrations of the constituent.

Synoptic Studies are short-term investigations of specific water-quality conditions during selected seasonal
or hydrologic periods to provide improved spatial resolution for critical water-quality conditions. For the
period and conditions sampled, they assess the spatial distribution of selected water-quality conditions in rela-
tion to causative factors, such as land use and contaminant sources.

Time-weighted average is computed by multiplying the number of days in the sampling period by the concentra-
tions of individual constituents for the corresponding period and dividing the sum of the products by the total
number of days. A time-weighted average represents the composition of water that would be contained in a vessel
or reservoir that had received equal quantities of water from the stream each day for the year.

Tons per acre-foot is the dry mass of dissolved solids in 1 acre-foot of water. It is computed by multiplying
the concentration of the constituent, in milligrams per liter, by 0.00136.

Tons per day (T/DAY, tons/d) is the rate representing a mass of 1 ton of a constituent in streamflow passing
a cross section in 1 day. It is equivalent to 2,000 pounds per day, or 0.9072 metric tons per day.

Total is the total amount of a given constituent in a representative suspended-sediment sample, regardless
of the constituent’s physical or chemical form. This term is used only when the analytical procedure assures mea-
surement of at least 95 percent of the constituent present in both the dissolved and suspended phases of the sam-
ple. A knowledge of the expected form of the constituent in the sample, as well as the analytical methodology
used, is required to judge when the results should be reported as “total.” (Note that the word “total” does dou-
ble duty here, indicating both that the sample consists of a suspended-sediment mixture and that the analytical
method determined all of the constituent in the sample.)

Total discharge is the quantity of a given constituent, measured as dry mass or volume, that passes a stream
cross section per unit of time. When referring to constituents other than water, this term needs to be qualified,
such as “total sediment discharge,” “total chloride discharge,” and so on.

Total in bottom material is the total amount of a given constituent in a representative sample of bottom
material. This term is used only when the analytical procedure assures measurement of at least 95 percent of the
constituent determined. A knowledge of the expected form of the constituent in the sample, as well as the analyt-
ical methodology used, is required to judge when the results should be reported as “total in bottom material.”

Total load refers to all of a constituent in transport. When referring to sediment, it includes suspended
load plus bed load.

Total recoverable is the amount of a given constituent that is in solution after a representative suspended-
sediment sample has been digested by a method (usually using a dilute acid solution) that results in dissolution
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It is expressed
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of only readily soluble substances. Conplete dissolution of all particulate matter is not achieved by the diges-

tion treatment, and thus the determination represents something less than the “total” amount (that is, less than

95 percent) of the constituent present in the dissolved and suspended phases of the sample. To achieve compara-
bility of analytical data, equivalent digestion procedures are required of all laboratories performing such anal-

yses because different digestion procedures are likely to produce different analytical results.
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Turbidity is a measurement of the collective optical properties of a water sample that cause light to be
scattered and absorbed rather than transmitted in straight lines; the higher the intensity of scattered light,
the higher the turbidity. Turbidity is expressed in nephelometric turbidity units (NTU) or Formazin turbidity
units (FTU) depending on the method and equipment used.

Volatile organic compounds (VOC's) are organic compounds that can be isolated from the water phase of a sam-
ple by purging the water sample with inert gas, such as helium, and subsequently analyzed by gas chromatography.
Many VOC's are manmade chemicals that are used and produced in the manufacture of paints, adhesives, petroleum
products, pharmaceuticals, and refrigerants. They are often components of fuels, solvents, hydraulic fluids,
paint thinners, and dry cleaning agents commonly used in urban settings. VOC contamination of drinking-water sup-
plies is a human health concern because many are toxic and are known or suspected human carcinogens (U.S. Envi-
ronmental Protection Agency, 1996).

Water level is the water-surface elevation or stage of the free surface of a body of water above or below any
datum (see “Gage height”), or the surface of water standing in a well, usually indicative of the position of the
water table or other potentiometric surface.

Water table is the surface of a ground-water body at which the water is at atmospheric pressure.
Water-table aquifer is an unconfined aquifer within which is found the water table.

Water year in U.S. Geological Survey reports dealing with surface-water supply is the 12-month period Octo-
ber 1 through September 30. The water year is designated by the calendar year in which it ends and which includes
9 of the 12 months. Thus, the year ending September 30, 2000, is called the “2000 water year.”

WDR is used as an abbreviation for “Water-Data Report” in the REVISED RECORDS paragraph to refer to State
annual hydrologic-data reports. (WRD was used as an abbreviation for “Water-Resources Data” in reports published
prior to 1976.)

Weighted average is used in this report to indicate discharge-weighted average. It is computed by multiply-
ing the discharge for a sampling period by the concentrations of individual constituents for the corresponding
period and dividing the sum of the products by the sum of the discharges. A discharge-weighted average approxi-
mates the composition of water that would be found in a reservoir containing all the water passing a given loca-
tion during the water year after thorough mixing in the reservoir.

Well is an excavation (pit, hole, tunnel), generally cylindrical in form and often walled in, drilled, dug,
driven, bored, or jetted into the ground to such a depth as to penetrate water-yielding geologic material and
allow the water to flow or to be pumped to the surface.

Wet weight refers to the weight of animal tissue or other substance including its contained water.
WSP is used as an abbreviation for “Water-Supply Paper” in reference to previously published reports
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The U.S. Ceol ogical Survey publishes a series of manual s describing procedures for planning and conducting spe-
cialized work in water-resources investigations. The material is grouped under mmjor subject headings called
books and is further divided into sections and chapters. For exanple, Section A of Book 3 (Applications of
Hydraul i cs) pertains to surface water. The chapter, the unit of publication, is limted to a narrowfield of sub-
ject matter. This format permts flexibility in revision and publication as the need arises.

The reports listed below are for sale by the U S. GCeol ogical Survey, Branch of Infornation Services, Box 25286,
Federal Center, Denver, Col orado 80225 (authorized agent of the Superintendent of Documents, Governnent Printing
O fice). Prepaynment is required. Remittance shoul d be sent by check or noney order payable to the U S. Geol ogi cal
Survey. Prices are not included because they are subject to change. Current prices can be obtained by witing to
the above address. Wen ordering or inquiring about prices for any of these publications, please give the title,
book number, chapter number, and “U.S. Geological Survey Techniques of Water-Resources Investigations.”

Book 1. Collection of Water Data by Direct Measurenent

Section D Water Quality

1-D1. VWater tenperature—nfluential factors, field neasurenent, and data presentation, by
H. H. Stevens, Jr., J.F. Ficke, and G. F. Smoot: USGS-TWRI Book 1, Chapter D1. 1975.
65 pages.
1-D2. Gui del i nes for collection and field anal ysis of ground-water sanples for sel ected unstable

constituents, by W.W. Wood: USGS-TWRI Book 1, Chapter D2. 1976. 24 pages.
Book 2. Col l ection of Environnental Data

Section D Surface Geophysical Methods

2-D1. Appl ication of surface geophysics to ground-water investigations, byAA.R.Zohdy, G.P.
Eaton, and D.R. Mabey: USGS-TWRI Book 2, Chapter D1. 1974. 116 pages.

2-D2. Appl ication of seismic-refraction techniques to hydrol ogi ¢ studies, byF.P.Haeni: USGS—
TWRI Book 2, Chapter D2. 1988. 86 pages.

Section E. Subsurface Geophysical Methods

2-E1. Appl i cation of borehol e geophysics to water-resources investigations, by W.S. Keys and
L.M. MacCary: USGS-TWRI Book 2, Chapter E1. 1971. 126 pages.

2-E2. Bor ehol e geophysi cs applied to ground-water investigations, byW.S.Keys: USGS-TWRIBook 2,
Chapter E2. 1990. 150 pages.

Section F. Drilling and Sanpling Methods

2-F1. Application of drilling, coring, and sanpling techniques to test hol es and well s,byEugene
Shuter and W.E. Teasdale: USGS-TWRI Book 2, Chapter F1. 1989. 97 pages.

Book 3. Applications of Hydraulics

Section A Surface-Water Techni ques

3-Al. General field and office procedures for indirect di scharge nmeasurenents, byM.A.Bensonand
Tate Dalrymple: USGS-TWRI Book 3, Chapter Al. 1967. 30 pages.

3-A2. Measurenent of peak di scharge by the sl ope-area net hod, by Tate Dalrymple and M.A. Benson:
USGS-TWRI Book 3, Chapter A2. 1967. 12 pages.

3-A3. Measurenment of peak di scharge at cul verts by indirect nethods, by G.L. Bodhaine: USGS-TWRI
Book 3, Chapter A3. 1968. 60 pages.

3-A4. Measurenent of peak discharge at width contractions by indirect nethods, by H.F. Matthai:
USGS-TWRI Book 3, Chapter A4. 1967. 44 pages.

3-A5. Measurenent of peak di scharge at dans by indirect nethods, byHarryHulsing: USGS-TWRI Book
3. Chapter A5. 1967. 29 pages.
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3- A6. General procedure for gaging streans, by R.W.Carterand Jacob Davidian: USGS-TWRI Book 3,

Chapter A6. 1968. 13 pages.

3-A7. St age measurenent at gagi ng stations, by T.J. Buchanan and W.P. Somers: USGS-TWRI Book 3,
Chapter A7. 1968. 28 pages.

3-A8. Di schar ge neasurenents at gagi ng stations, by T.J.Buchananand W.P. Somers: USGS-TWRI Book
3, Chapter A8. 1969. 65 pages.

WATER RESCURCES DATA - VIRG@ NIA 2000
PUBLI CATI ONS ON TECHNI QUES OF WATER- RESOURCES | NVESTI GATI ONS- - Cont i nued

3-A9. Measurenent of tine of travel in streans by dye tracing, by F.A. Kilpatrick and J.F.
Wilson, Jr.: USGS-TWRI Book 3, Chapter A9. 1989. 27 pages.

3-Al0. Di scharge ratings at gagi ng stations, byE.J. Kennedy: USGS-TWRI Book 3, Chapter A10. 1984.
59 pages.

3-All. Measurenent of discharge by the novi ng-boat net hod, by G.F. Smootand C.E. Novak: USGS-TWRI
Book 3, Chapter A11. 1969. 22 pages.

3-A12. Fluoronetric procedures for dye tracing, Revised, by J.F. Wilson, Jr., E.D. Cobb, and F.A.
Kilpatrick: USGS-TWRI Book 3, Chapter A12. 1986. 41 pages.

3-A13. Conputation of continuous records of streanflow, byE.J. Kennedy: USGS-TWRI Book 3, Chapter
A13. 1983. 53 pages.

3-Al4. Use of flunes in measuring di scharge, byF.A.Kilpatrickand V.R. Schneider: USGS-TWRI Book
3, Chapter A14. 1983. 46 pages.

3-A15. Conputation of water-surface profiles in open channel s, by Jacob Davidian: USGS-TWRI Book
3, Chapter A15. 1984. 48 pages.

3-A16. Measurenent of discharge using tracers,byF.A.Kilpatrickand E.D. Cobb: USGS-TWRI Book 3,
Chapter A16. 1985. 52 pages.

3-Al7. Acoustic velocity neter systens, by Antonius Laenen: USGS-TWRI Book 3, Chapter A17. 1985.
38 pages.

3-A18. Determination of stream reaeration coefficients by use of tracers, byF.A. Kilpatrick,
R.E. Rathbun, Nobuhiro Yotsukura, G.W. Parker, and L.L. DeLong: USGS-TWRI Book 3, Chapter
A18. 1989. 52 pages.

3-A19. Level s at streanflow gagi ng stations,byE.J. Kennedy: USGS-TWRI Book 3, Chapter A19. 1990.
31 pages.

3-A20. Sinul ation of soluabl e waste transport and buildup in surface waters using tracers, byF.A.
Kilpatrick: USGS-TWRI Book 3, Chapter A20. 1993. 38 pages.

3-A21 St ream gagi ng cabl eways, by C. Russell Wagner: USGS-TWRI Book 3, Chapter A21. 1995.
56 pages.

Section B. G ound-Vater Techniques

3-B1. Aqui fer-test design, observation, and data anal ysis, by R.W. Stallman: USGS-TWRI Book 3,
Chapter B1. 1971. 26 pages.

3-B2. I ntroduction to ground-water hydraulics, a prograned text for self-instruction,byG.D.
Bennett: USGS-TWRI Book 3, Chapter B2. 1976. 172 pages.
3-B3. Type curves for sel ected problens of flowto wells in confined aquifers,byJ.E. Reed:

USGS-TWRI Book 3, Chapter B3. 1980. 106 pages.
3-B4. Regressi on nodel i ng of ground-water flow byR.L. CooleyandR.L. Naff: USGS-TWRI Book 3,
Chapter B4. 1990. 232 pages.

3-B4. Suppl enent 1. Regression nodel i ng of ground-water flow- -Mdifications to the conputer code
for nonlinear regression solution of steady-state ground-water flow problens, by R.L.
Cooley: USGS-TWRI Book 3, Chapter B4. 1993. 8 pages.

3-B5. Definition of boundary and initial conditions in the anal ysis of saturated ground-wvater
f 1 ow systems—An introduction ,byO.L. Franke, T.E. Reilly, and G.D. Bennett: USGS-TWRI Book
3, Chapter B5. 1987. 15 pages.

3-B6. The principle of superposition and its application in ground-water hydraulics, byT.E.
Reilly, O.L. Franke, and G.D. Bennett: USGS-TWRI Book 3, Chapter B6. 1987. 28 pages.

3-B7. Anal ytical solutions for one-, two-, and three-di nensional solute transport in ground-water
systens with uni formflow, byE.J. Wexler: USGS-TWRI Book 3, Chapter B7. 1992. 190 pages.

Section C Sedinentation and Erosion Techni ques
3-C1. Fl uvi al sedi ment concepts, by H.P. Guy: USGS-TWRI Book 3, Chapter C1. 1970. 55 pages.



3-C2.

3-C3.

Book 4.
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Fi el d met hods for neasurenent of fluvial sedinment, by Thomas K Edwards and G Dougl as
Glysson: USGS-TWRI Book 3, Chapter C2. 1988. 80 pages.

Conput ation of fluvial-sedinent discharge, by George Porterfield: USGS-TWRI Book 3,
Chapter C3. 1972. 66 pages.

Hydrol ogi ¢ Analysis and Interpretation
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Section
4-Al.

4-A2.

Section
4-B1.
4-B2.

4-B3.

Section

4-D1.

Book 5.

Section
5-Al.

5-A2.

5-A3.

5-A4.

5-A5.

5-A6 .

Section
5-C1.

A. Statistical Analysis

Sone statistical tools in hydrol ogy, by H.C. Riggs: USGS-TWRI Book 4, Chapter Al. 1968.
39 pages.

Frequency curves, by H.C. Riggs: USGS-TWRI Book 4, Chapter A2. 1968. 15 pages.

B. Surface Water
Lowfl ow i nvesti gations, by H.C. Riggs: USGS-TWRI Book 4, Chapter B1. 1972. 18 pages.

St orage anal yses for water supply,byH.C. Riggs and C.H. Hardison: USGS-TWRI Book 4,
Chapter B2. 1973. 20 pages.

Regi onal anal yses of streanflow characteristics, byH.C. Riggs: USGS-TWRI Book 4,
Chapter B3.1973. 15 pages.

D. Interrel ated Phases of the Hydrol ogic Cycle

Conput ation of rate and vol ume of stream depletion by wells, by C.T. Jenkins: USGS-TWRI
Book 4, Chapter D1. 1970. 17 pages.

Laboratory Anal ysis

A. Water Anal ysis

Met hods for deternination of inorganic substances in water and fluvial sedinents, by
M.J. Fishman and L.C. Friedman, editors: USGS-TWRI Book 5, Chapter Al. 1989. 545 pages.
Determination of minor elenments in water by enission spectroscopy, by P.R.Barnett and
E.C. Mallory, Jr.: USGS-TWRI Book 5, Chapter A2. 1971. 31 pages.

Met hods for the deternination of organic substances in water and fluvial sedinents, edited
by R.L. Wershaw, M.J. Fishman, R.R. Grabbe, and L.E. Lowe: USGS-TWRI Book 5, Chapter A3.
1987. 80 pages.

Met hods for coll ection and anal ysis of aquatic biological and m crobiol ogi cal sanples, by
L.J. Britton and P.E. Greeson, editors: USGS-TWRI Book 5, Chapter A4. 1989. 363 pages.

Met hods for deternination of radioactive substances in water and fluvial sedinents, by
L.L. Thatcher, V.J. Janzer, and K.W. Edwards: USGS-TWRI Book 5, Chapter A5. 1977. 95 pages.

Qual ity assurance practices for the chenical and biol ogi cal anal yses of water and fluvial
sedi nent s, by L.C. Friedman and D.E. Erdmann: USGS-TWRI Book 5, Chapter A6. 1982.

181 pages.

C. Sedi nent Anal ysis

Laboratory theory and nmet hods for sedinent anal ysis, by H.P. Guy: USGS-TWRI Book 5,
Chapter C1. 1969. 58 pages.

Book 6. Modeling Techniques

Section
6-Al.

6-A2.

6-A3.

A G ound Water

A nodul ar three-di nensional finite-difference ground-water flow npodel,byM.G.McDonaldand
A.W. Harbaugh: USGS-TWRI Book 6, Chapter Al. 1988. 586 pages.

Docunent ati on of a conputer programto sinul ate aquifer-systemconpaction using the nodul ar
finite-difference ground-water flow nodel, byS.A. LeakeandD.E.Prudic: USGS-TWRIBook 6,
Chapter A2. 1991. 68 pages.

A nodul ar finite-el ement nodel (MODFE) for areal and axisynmetric ground-water-flow
problems, Part 1: Model Description and User’s Manual, by L.J. Torak: USGS-TWRI Book 6,
Chapter A3. 1993. 136 pages.
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6- Ad.

6-A5.

6-A6.

Book

A nodul ar finite-el ement nodel (MODFE) for areal and axisynmetric ground-water-flow
probl ens, Part 2: Derivation of finite-elenment equations and conparisons with anal ytical
sol utions, by R.L. Cooley: USGS-TWRI Book 6, Chapter A4. 1992. 108 pages.

A nodul ar finite-el ement nodel (MODFE) for areal and axisymmetric ground-water-flow
probl ens, Part 3: Design phil osophy and progranm ng details, byL.J. Torak: USGS-TWRI Book
6, Chapter A5, 1993. 243 pages.
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A coupled surface-water and ground-water flow model (MODBRANCH) for simulation of stream-
aquifer interaction, by Eric D. Swain and Eliezer J. Wexler. 1996. 125 pages.

7. Automated Data Processing and Conputations

Section C Conputer Prograns

7-Cl.

7-C2.

7-C3.

Book

Finite difference nodel for aquifer sinulation in tw dinmensions with results of nunerical
experi ments, by P.C. Trescott, G.F. Pinder, and S.P. Larson: USGS-TWRI Book 7, Chapter C1.

1976. 116 pages.

Conput er nodel of two-dinmensional solute transport and dispersion in ground water,by

L.F. Konikow and J.D. Bredehoeft: USGS-TWRI Book 7, Chapter C2. 1978. 90 pages.

A npodel for sinulation of flow in singular and interconnected channel s, by R.W.

Schaffranek, R.A. Baltzer, and D.E. Goldberg: USGS-TWRI Book 7, Chapter C3. 1981. 110

pages.

8. Instrunentation

Section A Instrunents for Measurenment of Water Level

8-Al.

8-A2.

Met hods of measuring water |evels in deep wells, by M.S. Garberand F.C. Koopman: USGS-TWRI
Book 8, Chapter Al. 1968. 23 pages.

Installation and service manual for U S. Geol ogi cal Survey manoneters, by J.D. Craig: USGS-
TWRI Book 8, Chapter A2. 1983. 57 pages.

Section B. Instrunents for Measurement of Discharge

8-B2.

Book

Cal i bration and mai nt enance of vertical-axis type current neters, by G.F. Smootand C.E.
Novak: USGS-TWRI Book 8, Chapter B2. 1968. 15 pages.

9. Handbooks for WAter-Resources |nvestigations

Section A National Field Manual for the Collection of Water-Quality Data

9-A6.

9-A7.

9-A8.

9-A9.

Nat i onal Field Manual for the Collection of Water-Quality Data: Field Measurenents, edited
by F.D. Wilde and D.B. Radtke: USGS-TWRI Book 9, Chapter A6. 1998. Variously paginated.

Nat i onal Field Manual for the Collection of Water-Quality Data: Biol ogical Indicators,by
D.N. Myers and F.D. Wilde: USGS-TWRI Book 9, Chapter A7. 1997. 49 pages.

Nat i onal Field Manual for the Collection of Water-Quality Data: Bottom material sanples,by
D.B. Radtke: USGS-TWRI Book 9, Chapter A8. 1998. 48 pages.

Nat i onal Field Manual for the Col lection of VWater-Quality Data: Safety in Field Activities,
by S.L. Lane and R.G. Fay: USGS-TWRI Book 9, Chapter A9. 1998. 60 pages.
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Listed below is a selection of reports on water resources in Virginia which are available through the

Virginia District at the U S. Geol ogical Survey, WRD, 1730 East Parham Road, Richnond, Virginia 23228-2202.

An i ndex of geophysical logging in Virginia by the U S. Ceol ogical Survey, by M P. Mil heren, J. D. Larson,
and H T. Hopkins: U S. Geological Survey Open-File Report 82-432. 1982. 34 pages.

Annual maxi mum st ages and di scharges of selected streams in Virginia through 1990, by B. J. Prugh, Jr.,
E. H Nuckels, and C. G Hunphrey: U. S. Geol ogical Survey Open-File Report 90-587. 1991. 442 pages.

Assessnment of ground-water contanination froma |eaking underground storage tank at a Defense Supply
Center near Richnond, Virginia, by W G Wight and J. D. Powell: U S. Geological Survey Water-Resources
I nvestigations Report 90-4091. 1990. 38 pages.

Availability and quality of ground water in the Piednobnt province of Virginia, by J. D. Powell and
J. M Abe: U S. GCeological Survey Water-Resources |nvestigations Report 85-4235. 1985. 33 pages.

Base-fl ow characteristics of streanms in the Valley and Ridge, the Blue Ridge, and the Pi ednont Physi ographic
Provinces of Virginia, by D.L. Nelns, GE Harlow, Jr., and D.C. Hayes: U.S. Ceol ogical Survey Water Supply
Paper 2457. 1997. 48 pages.

Conpil ation of surface-water and water-quality data-collection sites on selected streans in Virginia,
by B. J. Prugh, Jr. and C. G Hunphrey: U S. Geological Survey Open-File Report 93-462. 1994.
645 pages.

Conceptual i zati on and anal ysis of ground-water flow systemin the Coastal Plain of Virginia and adjacent
parts of Maryland and North Carolina, by J. F. Harsh and R J. Laczniak: U S GCeol ogical Survey
Prof essi onal Paper 1404-F. 1990. 100 pages.

Design, revisions, and considerations for continued use of a ground-water-flow nodel of the Coastal Plain
aqui fer systemin Virginia, by R MFarland: U S. Ceol ogical Survey Water-Resources |Investigati ons Report
98-4085. 1998. 49 pages.

Di ssol ved organi c carbon and disinfection by-product precursors in waters of the Chickahoniny River Basin,
Virginia, and inplications for public Supply, by Gary K Speiran: U S. GCeol ogical Survey Water-Resources
I nvestigati ons Report 00-4175. 2000. 60 pages.

Docunentation of a multiple-technique conputer programfor plotting nmajor-ion conposition of natural
waters, by L. |. Briel: U'S. Geological Survey Open-File Report 93-74. 1994,

Docunent ati on of geogr aphi c-i nformation-system coverages and data-input files used for analysis of the
geohydrol ogy of the Virginia Coastal Plain, by M J. Focazio and T. B. Samsel, Ill: U S. Geol ogical
Survey Water-Resources Investigations Report 93-4015. 1994. 53 pages.

Effects of fracturing on well yields in the coalfield areas of Wse and D ckenson Counties, southwestern
Virginia, by W G Wight: US. Geological Survey Water-Resources |nvestigations Report 85-4061. 1985.
21 pages.

Esti mati ng net drawdown resulting fromepisodic withdrawals at six well fields in the Coastal Plain
physi ographi c province of Virginia, by M J. Focazio and G K Speiran: U S. Geol ogical Survey
Wat er - Resources I nvestigations Report 93-4159. 1994. 21 pages.

Eval uati on of municipal wthdrawals fromthe confined aquifers of southeastern Virginia, by D. L.
Ri chardson, R J. Laczniak, and P. A Hamlton: U S. Geological Survey Open-File Report 88-723.
1988. 50 pages

Factors affecting nuitrient trends in mpjor rivers of the Chesapeake Bay Watershed, by L. A Sprague and
others: U.S. Geol ogical Survey Water-Resources |Investigations Report 00-4218. 2000. 98 pages.

Fl ood of Novenber 1985 in West Virginia, Pennsylvania, Miryland, and Virginia, by J. B. Lescinsky:
U.S. Ceol ogical Survey Open-File Report 86-486. 1987. 33 pages.

Floods in West Virginia, Virginia, Pennsylvania, and Maryland, Novenber 1985, by D. H. Carpenter:
U.S. Ceol ogical Survey Water-Resources Investigations Report 88-4213. 1990. 86 pages.

Geohydrol ogy and Geocheni stry near coastal ground-water-di scharge areas of the Eastern Shore, Virginia, by
G K. Speiran: U.S. Geological Survey Water Supply Paper. 1996. 73 pages.

Geohydrol ogy and the occurrence of volatile organic conpounds in ground water, Cul peper basin of
Prince WIlliam County, Virginia, by D. L. Nelms and D. L. R chardson: U.S. Geol ogical Survey
Wat er - Resour ces I nvestigations Report 90-4032. 1991. 94 pages.

Ceohydrol ogy of the shallow aquifer system Naval Wapons Station Yorktown, Yorktown, Virginia, by AR
Brockman, D.L. Nelnms, GE. Harlow, Jr., and J.J. Gldea: U S. Geological Survey Water-Resources
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I nvestigations Report 97-4188. 61 pages.

G ound-water availability along the Blue Ridge Parkway, Virginia, by H T. Hopkins: U S. Geol ogical
Survey Water-Resources |nvestigations Report 84-4168. 1985. 154 pages.

G ound-wat er _contami nation and novenent at the Defense General Supply Center, Richnond, Virginia,
by J. D. Powell, W G Wight, D. L. Nelms, and R J. Ahlin: U S. Geol ogical Survey Water-Resources
I nvestigations Report 90-4113. 1991. 36 pages.

WATER RESCURCES DATA - VIRG@ NIA 2000

SELECTED U. S. GEOLOG CAL SURVEY REPORTS ON WATER RESOURCES IN VI RA NI A- - Cont i nued

G ound-wat er concerns for the Eastern Shore, Virginia, by D. L. Richardson: U S. Ceol ogical Survey
Open-File Report 93-93. 1994. 4 pages (Water-Resources Notes).

G ound-wat er _di scharge fromthe Coastal Plain of Virginia, by D. L. Richardson: U S. Geol ogical
Survey Water-Resources |nvestigations Report 93-4191. 1995.

G ound-water hydrology and quality in the Valley and Ridge and Bl ue Ri dge physi ographic provinces of
Clarke County, Virginia, by W G Wight: U'S. Geological Survey Water-Resources |nvestigations
Report 90-4134. 1991. 61 pages.

G ound-water in Virginia: Use during 1990, availability, and resource information needs, by
MFarland, E. R and Focazio, M J.: U S. Geological Survey Open-File Report 94-114. 1 page.

G ound-water use and levels in the southern Coastal Plain of Virginia, by J. D. Larson and R J. Laczni ak:
U S. Geol ogical Survey Open-File Report 91-187. 1991. 165 pages.

G ound-water withdrawals fromthe confined aquifers in the Coastal Plain of Virginia, 1891-1983,
by T. K Kull and R J. Laczniak: U S. Ceological Survey Water-Resources |nvestigations Report 87-4049.
1987. 37 pages.

Guide to obtaining U S. Ceological Survey information, by K Dodd, H K Fuller, and P. F. C arke:
U.S. Geol ogical Survey Circular 900. 1985. 35 pages.

Hydraulic characteristics of, and ground-water flow in, coal-bearing rocks of southwestern Virginia,
by G E. Harlow, Jr. and G D. LeCain: U S. Geological Survey Water Supply Paper 2388. 1994.
36 pages.

Hydr ogeol ogi c and water-quality data for the Explosive Experinental Area, Naval Surface Warfare Center,
Dahl gren Site, Dahlgren, Virginia, by EE C. Hammond and C. F. Bell: U.S. Ceol ogical Survey Open-File Report
95-386. 1995. 67 pages.

Hydr ogeol ogic and water-quality data for the Main Site, Naval Surface Warfare Center, Dahlgren Laboratory,
Dahl gren, Virginia, by C. F. Bell, T. P. Bolles, and G E. Harlow, Jr.: U S. Geological Survey Open-File
Report 94-301. 1995. 81 pages.

Hydr ogeol ogi c framework, analysis of ground-water flow, and relations to regional flowin the Fall Zone near

Richnond, Virginia, by ER MFarland: U S. Geol ogi cal Survey Water-Resources | nvestigations Report 97-4021.
1997. 56 pages.

Hydr ogeol ogi c framework of the shallow aquifer system of York County, Virginia, by A R Brockman
and D. L. Richardson: U S. Ceol ogical Survey Water-Resources |nvestigations Report 92-4111. 1992.
36 pages.

Hydr ogeol ogy and anal ysis of the ground-water-flow systemin the Coastal Plain of southeastern
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Survey Water Resources Investigations Report 95-4258. 1995. 71 pages.
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Survey Open-File Report 96-220. 1996. 79 pages.
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